In connection with the problem of finding the best projections of k-dimensional spaces embedded in ndimensional spaces Hermann Konig asked: Given mER and nEN, are there n X n matrices C={c,,), i, i = 1,... ,n, such that c,,= m for all i, │C'ii│=l for i ≠ i, and C2={m2+n-l)ln? Konig was especially interested in symmetric C, and we find some families of matrices, satisfying this condition. We also find some families of matrices satisfying the less restrictive condition CCT = (m2 + n -1)1".
INTRODUCTION
In this paper we shall be interested in constmcting orthogonal matrices of order n with constant diagonal m (an integer) and off diagonal entries =1.
For completeness we first give some definitions.
An Hadamard matrix H of order n has elements ~ 1 and satisfies HlIJ" = ul"" A symmetric conference matrix N of order n =; 2 (mod 4) has zero diagonal and other elements :;t: 1 and satisfies ,VD"r = (n -1)ln ' An ortlwgolUll design of order n and type (tit. u 2 •... , at) (u; > 0) on the commuting variables Xl' x 2 •.•. , x, is an n X n matrix A with entries from 
is the required matrix, and is a sufficient starting matrix. In fact C is a Hennitian matrix when t > 1. l)is gives the results for m = 0 and n = 2' for any positive integer t.
(2.3) Suppose C is a symmetric conference matrix. The orders for which they are currently known can be found by referring to {4,6] and also by using 
SO.'vlE ~ECESSARY CONDITIONS
We cousider now only the case where e is a n X n matrix of the fonn md 
Adding, we obtain 4m+2x +2mx +4+4a = n. (i) The order n is even.
Now we have two cases:
Proof. This is clearly true in case 2 of Proposition 2, where m =!( n -2). In cru.e 1, 8m + 6 +4a = n, and again we have the result.
• Proof. In the proof of Theorem 5.1 let S be a 4tX(4t-l) matrix obtained by malting the first column of an Hadamard matrix all + 1 and then deleting that column. We then proceed as in the theorem to obtain the re~ult. 
CONSTRUCTION FOR NONSYMMETRIC MATRICES
Since it appears to be a difficult problem in general to construct orthogonal matrices with constant diagonal and off diagonal elements:!:: 1, we now ORTIlOGONAL MATRICES 125 consbuct such matrices C, for which the symmetric condition is relaxed and which satisfy Proof. Let 
Hence E is the required matrix. (i) There is an orthogonal matrix with diagonal 7, with other elements :!: 1, and of order 96. It is obtained by u~ing t = 5, m = 7, p = 3,:r = n, y = 0 in the theorem.
(ii) There is an orthogonal matrix with diagonal 15, with other elements ± 1, and of order 176. It is obtained by using t = 4, m = 15, P == 11, r = 3, y = 0 in the theorem. 
Then E has diagonal m and other elements ± 1 and satisfies
Hence E is the required matrix .
• EXAMPLE. \\'hen p = 9, t = 5, m = 17, a = 4, b = 3, we have a matrix of order 288 with diagonall7. l'nfortunately this matrix is not symmetric. 
i~' an integer, there is an orthogonal matrix of arder Z'p with constant diagonal and off diagonal elements ±l.
Proof. We use the equation a(p + 1) + h(p -3) = 2' -P + 1 +Zm. Now all orthogonal designs of type (1, I, x, y, z), 2 + x + y + z = 2', exist in every order 2'. So a=O or b=O requires only that a design of type (l,x,y,y), l+x+2y= 2', should exist in 2', and a:::: 1 or b= 1 requires that a design of type (l,l,x,y,y), 2+x+2y=2', should ex:ist. We put the appropriate values for a and b in the equation and solve to find the stated result.
•
NUMERICAL RESULTS
In Table 1 we give a list of values of n < 2000, m > 1 which satisfy the necessary conditions for the existence of symmetric C satisfying C 2 = (m 2 + n -1)I~ with off diagOnal entries ± 1. Those known to exist are marked *. The 
